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(54) Basic protein composition, basic peptide composition and application thereof 

steps: 



(57) The present invention can provide a basic pro- 
tein and/or a isasic peptide composition which can be 
orally taken and has action of simulating osteoblastic 
proliferation, strengthening bone and inhibiting bone 
resorption. Said basic protein has the following proper- 
ties: 

(1) the molecular weight distribution thereof is 
2.000-24.000; 

(2) the isoelectric point thereof is 7.5-1 1 ; and 

(3) it comprises more than 10% of basic amino 
acids as composing amino acids. 

Said composition can be obtained by the following 



After milk or raw materiar derived from milk is 
loaded on a cation exchange resin column, a frac- 
tion obtained by eluting with an eluent of 0.1-1.0M 
salt concentration is precipitated by heating over 
75''C. (ii) by adding alcohol so that the final concen- 
tration thereof will be 10-50% or (iii) by adding salts 
so that the final concentration thereof will be more 
than 0.2M; and the supernatent thereof can be 
recovered. 
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Description 

Field of the Invention 

The present invention relates to a millc-derived 
basic protein composition having action of stimulating 
osteoblastic proliferation, strengthening bone and Inhib- 
iting bone resorption. In addition, the present invention 
relates to a milk^ierived basic peptide composition 
which is obtained from the milk-derived protein compo- 
sition by protease degradation and which has action as 
described above. Further, the present invention also 
relates to foods, drinks, medicines and feeds which 
comprise the milk-derived basic protein composition 
and/or the basic peptide composition. 

Background of the Invention 

Accompanying with the prolongation of human life- 
span, the incidence of metabolic bone diseases, such 
as osteoporosis, bone fracture, bone pain etc.. recentiy 
increased. In bone tissue, bone formation and bone 
resorption are always occurring. While the balance of 
bone formation and bone resorption is kept in one*s 
youth, bone resorption exceeds bone formation due to 
various causes as one's age lncreases(uncoupling}. 
And when bone resorption prolongs for a long duration, 
bone tissue becomes fragile, which causes metabolic 
bone diseases, such as osteoporosis, bone fracture, 
bone pain, etc.. Therefore, if uncoupling can be prohib- 
ited, metabolic bone diseases such as osteoporosis, 
bone fracture, bone pain. etc. are expected to be pre- 
vented. 

As conventional methods of preventing or treating 
metabolic bone diseases by inhibiting uncoupling, (1) 
calcium supplemented diet, (2) light exercise, (3) sun- 
batiilng and (4) medicinal therapy, etc. are exemplified. 
As for calcium supplemented diets, calcium salt, such 
as calcium carbonate, calcium phosphate, etc.. and nat- 
urally occurring calcium-containing preparation, such as 
bovine bone powder, egg shell, fish bone powder, etc. 
are used. They are, however, not necessarily good for 
oral Intake. As light exercises, jogging or walking may be 
recommended. However, they are troublesome to a per- 
son who becomes weak and quite difficult to an immobi- 
lized aged person. Sunbathing is believed to be good for 
supplement of active form of vitamin D3 but Is not suffi- 
cient. As medicinal therapy 1 a-hydroxyvitamin D3 
and/or calcitonin may be used and tiiey are known to be 
effective for treating osteoporosis. However, they are 
medicines themselves and can not be used as food 
sources. 

On the other hand, tiie present Inventors found that 
the fraction obtained from whey protein was effective for 
strengthening bone (Japanese published unexamined 
patent application No. 183371 (1992)). Further, the 
present inventors found that the fraction obtained from 
the above bone strengthening fraction by treating with 
etiianol. heating, treating with salts or treating with ultra- 
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filtration membrane was effective for stimulating prolifer- 
ation of osteoblast and for strengtiiening bone 
(Japanese published unexamined patent application 
No. 176715 (1993). Japanese published unexamined 

5 patent application No. 320066 (1993). In addition, ttie 
present inventors found that basic protein fraction 
present in a very small amount in milk had action of 
stimulating proliferation of osteoblast, of strengtiiening 
bone and prohibiting bone resorption (Japanese patent 

10 application No. 207509(1995)). 

The present inventors found that a basic protein 
composition obtained from milk-derived basic protein 
fractions by various kinds of treatment thereof had 
actions of stimulating osteoblastic proliferation, 

15 Strengthening bone and inhibiting bone resorption. The 
inventors, further, found that a basic peptide composi- 
tion obtained from the above basic protein composition 
by pro-tease degradation had also actions of stimulating 
osteoblastic proliferation, strengthening bone and inhib- 

20 iting bone resorption and. tiien, accomplished the 
present Invention. 

Summary of the Invention 

25 Accordingly, an object of the present Invention is to 
provide a basic protein composition obtained from milk- 
derived basic protein fractions, by various kinds of treat- 
ment, which has actions of stimulating osteoblastic pro- 
liferation, strengthening bone and inhibiting bone 

30 resorption. The milk-derived basic protein composition 
of the present invention has the following properties: 

(1) the molecular weight distribution thereof deter- 
mined by SDS-polyacrylamide electrophoresis is 

35 2.000-24,000 daiton; 

(2) tiie isoelectric point thereof is 7.5-1 1 ; 

(3) comprising more than 10% of basic amino acids 
among composing amino acids thereof: and 

(4) having actions of stimulating osteoblastic prolif- 
40 eratlon. strengthening bone and inhibiting bone 

resorption. 

Another object of the present Invention Is to provide 
a basic peptide composition obtained from the basic 

45 protein composition by protease digestion which has 
actions of stimulating osteoblastic proliferation, 
strengthening bone and inhibiting bone resorption. The 
milk-derived basic peptide of the present invention can 
be obtained from the above milk-derived basic protein 

50 composition by protease digestion. 

Further, another object of the present invention is to 
provide a food, drink, medicine and feed combined witii 
the basic protein composition and/or the basic peptide 
composition. 

55 

Brief Description of Drawings 

Rgure 1 represents the results of Test example 1 of 
a proliferative action thereof on osteoblast. 
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Figure 2 represents the results of Test example 2 of 
a stimulative action thereof on collagen synthesis. 
Figure 3 represents the results of Test example 3 of 
a inhibiting action thereof on bone resorption. 
Figure 4 represents the results of Test example 4 of 
an action thereof on strengthening bone. 

Detailed description of the Invention and Preferred 
Embodiments 

The basic protein composition of the present inven- 
tion is obtained from the basic protein fractions which is 
present only in a very small amount in milk and has 
action of stimulating osteoblastic proliferation, strength- 
ening bone and inhibiting bone resorption. That is a 
milk-derived basic protein composition whose molecu- 
lar weight distribution determined by SDS-polyacryla- 
mide gel electrophoresis is 2,000-24,000 and whose 
isoelectric point is 7.5-11. This basic protein contains 
more than 10% of basic amino acids as composing 
amino acids. 

This basic protein composition can be obtained by 
the following steps: 

After milk or raw material derived from milk is 
loaded on a cation exchange resin column, a frac- 
tion obtained by eluting with an eluent of 0.1-1.0M 
salt concentration is precipitated (i) by heating over 
yS'^C, (ii) by adding alcohol so that the final concen- 
tration thereof will be 10-50% or (iii)by adding salts 
so that the final concentration thereof will be more 
than 0.2M; and the supernatant thereof can be 
recovered. 

Alternatively, it can be also obtained by ultrafiltra- 
tion of a fraction eluted with an eluent of 0.1-1.0M salt 
concentration with an ultrafiltration membrane cutting 
off molecular weight more than 30,000 and by recover- 
ing the permeated solution. 

As milk or milk-derived raw material for obtaining 
the basic protein composition of the present invention, 
cow milk, breast milk, goat milk, sheep milk, etc. can be 
used as they are or reducing milk, skim milk or whey 
thereof can be also used. 

Most of the basic protein composition which is 
present in a very small amount in milk are lactoferrin 
and lactoperoxidase, which can be obtained from milk 
by loading it on a cation exchange resin followed by elu- 
tion with an eluent of 0.1-1.0M salt concentration. The 
present inventors found that the lactoferrin or lactoper- 
oxidase did not have any action of stimulating osteob- 
lastic proliferation, strengthening bone or inhibiting 
bone resorption. 

Then, the inventors tried to fractionate a fraction 
which has stronger action of stimulating osteoblastic 
proliferation, strengthening bone and inhibiting bone 
resorption than those of the milk-derived basic protein 
by the following treatment of the milk-derived basic pro- 
tein: 



(1) the eluted solution of the adsorbed fraction on 
the above cation exchange resin is heated over 
75°C and the precipitate is removed and the super- 
natant can be recovered. The eluent can be prefer- 

5 ably treated by heating at pH6.5-8.0. 

(2) to the above eluent. alcohol is added so that the 
final concentration thereof will be 10-50% and the 
precipitate is removed and the supernatant can be 
recovered. As alcohol, cooled ethanol can be pref- 

10 erably used and treatment at pH6.5-9 is preferable. 

(3) to the above eluent. salts is added so as to be 
more than 0.2M of the final concentration thereof 
and the precipitate is removed and the supernatant 
can be recovered. On the addition of the salt, the 

IS eluent is preferably adjusted at pH6.5-8.0. As the 
salts, sodium salt such as sodium chloride, potas- 
sium salt, ammonium salt, phosphate, bivalent 
metal salt etc. can be preferably used. 

(4) ultra filtrating the above eluent with an ultrafiltra- 
20 tion membrane cutting off molecular weight more 

than 30.000 and the permeated solution can be 
recovered. 

By the treatment of (1)-(4), the basic protein com- 

25 position having the aforementioned actions can be effi- 
ciently fractionated. The basic protein composition 
which is recovered as above and has actions of stimu- 
lating osteoblastic proliferation, strengthening bone and 
inhibiting bone resorption can be usually used as pow- 

30 der obtained by lyophilization and can be usually admin- 
istered orally. 

Alternatively, by an appropriate combination among 
the above (1)-(4) treatment, that is. heating treatment, 
alcohol treatment, salt treatment and ultrafiltration treat- 

35 ment, the basic protein composition of the present 
invention can be obtained. And the basic protein com- 
position has 2.000-24.000 dalton of molecular weight 
distribution determined by SDS-polyacrylamide gel 
electrophoresis and 7.5-11 of isoelectric point. Further, 

40 it comprises more than 10% of basic amino acids as 
composing amino acids. 

Further, by degradation of this basic protein compo- 
sition with protease such as pepsin, trypsin, chymot- 
rypsin. pancreatin, etc., the basic peptide composition 

45 can be obtained. The basic peptide composition can 
preferably comprise tine basic peptide with less than 
10,000 dalton of molecular weight determined by SDS- 
polyacrylamide gel electrophoresis. 

The basic protein composition or the basic peptide 

so composition of the present invention which has actions 
of stimulating osteoblastic proliferation, strengthening 
bone and inhibiting bone resorption can be combined 
with a food, drink, medicine or feed, which can be taken 
orally to exhibit action of stimulating osteoblastic prolif- 

55 eration. strengthening bone and inhibiting bone resorp- 
tion. The basic protein composition or the basic peptide 
composition of the present invention can be taken orally 
in a form of tablet or in a combined form with milk, juice, 
yogurt, jelly, bread , ice cream, noodle, sausage etc. For 
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prevention or Improvement of osteoporosis or various 
kinds of metabolic bone diseases, 10-500 mg of the 
composition can be preferably taken daily. Acute toxicity 
of the basic protein composition or the basic peptide 
composition of the present invention was not recog- 5 
nized in rats. 

Alternatively, the basic protein composition or the 
basic peptide composition of the present invention can 
be more preferably taken orally with calcium salts hav- 
ing good absorptivity. As calcium salt having good 10 
absorptivity, calcium chloride, calcium carbonate, cal- 
cium lactate, egg shell, milk-derived calcium containing 
composition etc. can be exemplified. 

Since the basic protein composition and the basic 
peptide composition of the present invention can be is 
taken orally and have actions of stimulating osteoblastic 
proliferation, strengthening bone and inhibiting bone 
resorption, they are useful for a food, drink, medicine 
and feed to prevent or remedy various kinds of meta- 
bolic bone diseases, such as bone fracture, rheumatism 20 
and arthritis, and osteoporosis. 

Then, the present invention will be described in 
more detail by representing a reference example, exam- 
ples and test examples as below, which will not limit the 
scope of the present Invention. 2s 

Reference example 1 

A column packed with 3,000g of cation exchange 
resin, sulfonated chltopearl (Fuji-bouseki), was suffl- 30 
ciently washed with deionized water. After loading 300 
liter of non-sterilized skim milk on this column at flowing 
rate of 25ml/min., the column was sufficiently washed 
with deionized water and 2 1 of 0.05M phosphate buffer 
(pH 7.0) containing 0. 1 M sodium chloride to elute unad- 35 
sorbed protein. The basic protein adsorbed on the resin 
was eluted at O.M.OM sodium chloride gradient using 
0.05M phosphate buffer containing 0.1M sodium chlo- 
ride (pH 7.0) and 0.05M phosphate buffer containing 
1 .OM sodium chloride (pH 7.0) and recovered. By treat- 40 
ing the eluted solution with a reverse osmotic mem- 
brane to be desalted and concentrated, followed by 
lyophilization, powdery basic protein fraction was 
obtained. By repeating this operation 8 times, 2.83 kg of 
basic protein fraction was obtained. The molecular 45 
weight of this main basic protein fraction was 75.000- 
85,000 dalton, the isoelectric point thereof was 7.0-8.5. 
The content of basic amino acids contained in this basic 
protein fraction was 17.8%. 

50 

Example 1 

A column packed with 3.000 g of cation exchange 
resin, sulfonated chitopearl (Fuji-bouseki), was suffi- 
ciently washed with deionized water. After loading 300 1 ss 
of nonsterilized skim milk on this column at flow rate of 
lOOml/min., the column was sufficiently washed with 
deionized water, the basic protein adsorbed on the resin 
was eluted with 0.02M carbonate buffer solution con- 
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taining 0.87M sodium chloride (pH 6.7) and was recov- 
ered. By treating the eluted solution with a reverse 
osmotic membrane to be desalted and concentrated, 
followed by lyophilization, powdery basic protein frac- 
tion was obtained. By repeating this operation 8 times, 
2.59 kg of basic protein fraction was obtained. Then, 
2.59 kg of the basic protein fraction was dissolved in 50 
I of deionized water, adjusted to pH 7.5 and 45 1 of the 
solution was heated at QO^'O for 10 min.. followed by 
centrlfugation (5,000 x g, lOmin.) to remove a precipi- 
tate, treating with a reverse osmotic membrane to be 
desalted, concentration and lyophilization to give 530 g 
of the basic protein composition. The content of basic 
amino acids contained in this basic protein composition 
was 14.2%. Further, the molecular weight of this basic 
protein was 2,000-23.000 dalton and the isoelectric 
point thereof was 8.0-1 0.5. Each one liter of the residual 
solution was heated at 75*^0, 90°C and 95°C respec- 
tively for 10 min., followed by centrlfugation, treating 
with a reverse osmotic membrane and lyophilization to 
give 34.2 g, 8.3 g and 6.5 g of basic protein composi- 
tions respectively whose content of basic amino acids 
was 16.5%. 14.0% and 14.0% respectively. 

Example 2 

A column packed with 3,000 g of cation exchange 
resin, sulfonated chitopearl (Fuji-bouseki), was suffi- 
ciently washed with deionized water. After loading 300 1 
of non-sterilized skim milk on this column at flow rate of 
100ml/min., the column was sufficiently washed with 
deionized water, the basic protein adsorbed on the resin 
was eluted with 0.02M carbonate buffer solution con- 
taining 0.87M sodium chloride (pH 6.7) and was recov- 
ered. By treating the eluted solution with a reverse 
osmotic membrane to be desalted and concentrated fol- 
lowed by lyophilization, powdery basic protein fraction 
was obtained. By repeating this operation 8 times, 
2.61kg of basic protein fraction was obtained. Then. 
2.61 kg of the basic protein fraction was dissolved in 50 
1 of deionized water. To 45 1 of the solution, 95% ethanol 
precooled at -20°C was added for the final concentra- 
tion of ethanol to be 30%, followed by centrlfugation 
(5,000 X g, 10min.) to remove a precipitate and lyophili- 
zation to give 453 g of the basic protein composition. 
The content of basic amino acids containing In this 
basic protein composition was 13.6%. Further, the 
molecular weight of this basic protein was 3.000-24,000 
dalton and the isoelectric point thereof was 8.0-1 1 .0. To 
each one liter of the residual solution, ethanol was 
added to be the final concentration of 10% and 50% 
respectively, followed by centrlfugation and lyophiliza- 
tion to give 39 g and 12 g of basic protein compositions 
respectively whose content of basic amino acids was 
14.6% and 13.6% respectively. 

Example 3 

A column packed with 3.000 g of cation exchange 
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resin, sulfonated chitopearl (Fuji-bouseki), was suffi- 
ciently washed with deionized water. After loading 300 i 
of non-sterilized skim milk on this column at flow rate of 
lOOml/min., the column was sufficiently washed with 
deionized water, the basic protein adsorbed on the resin 
was eluted with 0.02M carbonate buffer solution con- 
taining 0.87M sodium chloride (pH 6.7) and was recov- 
ered. By treating the eluted solution with a reverse 
osmotic membrane to be desalted and concentrated fol- 
lowed by lyophilization, powdery basic protein fraction 
was obtained. By repeating this operation 8 times, 2.35 
kg of basic protein fraction was obtained. Then, 2.35 kg 
of the basic protein fraction was dissolved in 50 I of 
deionized water, adjusted to pH 7.5 and 45 1 of the solu- 
tion was treated with sodium chloride so that the final 
concentration of sodium chloride was 1 .0 M. followed by 
centrifugation (5,000 x g, lOmin.) to remove a precipi- 
tate, treating the fraction suspended in 20 I of distilled 
water with a reverse osmotic membrane to be desalted 
and concentrated and lyophilization to give 421 g of the 
basic protein composition. The content of basic amino 
acids contained in this basic protein composition was 
10.7%. Further, the molecular weight of this basic pro- 
tein was 5,000-23,000 dalton and the isoelectric point 
thereof was 7.5-10.0. Each one liter of the residual solu- 
tion was treated with sodium chloride so that the final 
concentration of sodium chloride was 0.2 M and 2 M 
respectively, followed by centrifugation, treating with a 
reverse osmotic membrane and lyophilization to give 2 g 
and 23 g of basic protein compositions respectively 
whose content of basic amino acids was 15.4% and 
11.0% respectively 



molecular weight of this basic protein was 2,000-18,000 
dalton and the isoelectric point was 8.0-1 1 .0. 

Example 5 

5 

Fifty grams of the basic protein composition heated 
at SO'^C for 1 0 min. in Example 1 was dissolved in 1 0 1 of 
distilled water, to which 1% pancreatin(Sigma) was 
added, followed by reaction at 37*^0 for 2 hours. After 
10 the reaction, the enzyme was inactivated by heating It at 
80 C for 10 min. and 48.3 g of the basic peptide compo- 
sition was obtained. Tlie basic peptide composition had 
the molecular weight of less than 10,000 dalton and 
comprised 13.5% of basic amino acids. 

IS 

Example 6 

Fifty grams of the basic protein composition treated 
with ethanol(30% the final concentration) in Example 2 

20 was dissolved in 10 i of distilled water, to which 1% pan- 
creatin was added, followed by reaction at 37^0 for 2 
hours. After the reaction, the enzyme was inactivated by 
heating it at SO^^C for 10 min. and 49.3 g of the basic 
peptide composition was obtained. The basic peptide 

25 composition had the molecular weight of was less than 
9.000 dalton and comprised 12.9% of basic amino 
adds. 

Test example 1 

30 

Stimulative action on osteoblastic proliferation of 

the following samples: 



Example 4 Sample A: 

35 

A column packed with 3,000 g of cation exchange Sample B: 
resin, sulfonated chitopearl (Fuji-bouseki), was suffi- 
ciently washed with deionized water. After loading 300 1 Sample C: 
of non-sterilized skim milk on this column at flow rate of 
lOOml/min., the column was sufficiently washed with 40 Sample D: 
deionized water, the basic protein adsorbed on the resin 
was eluted with 0.02M carbonate buffer solution con- Sample E: 
taining 0.87M sodium chloride (pH 6.7) and was recov- 
ered. By treating the eluted solution with a reverse Sample F: 
osmotic membrane to be desalted and concentrated fbl- 45 
lowed by lyophilization, powdery basic protein fraction 
was obtained. By repeating this operation 8 times, 2.37 Sample G: 
kg of basic protein fraction was obtained. Then, 2.37 kg 
of the basic protein fraction was dissolved in 50 I of 
deionized water and 45 1 of the solution was treated with so Sample H: 
an ultrafiltration membrane cutting off molecular weight 
500,000(DDS) to give 60 I of permeated solution, fol- 
lowed by treating it with another ultrafiltration membrane Sample I: 
cutting off molecular weight 30,000 to be desalted and 
concentrated to give 6 1 of a concentrated solution. Fur- ss 
ther. treating it with a reverse osmotic membrane and 
lyophilization to give 430 g of the basic protein composi- Sample J: 
tion. The content of basic amino acids contained in this 
basic protein composition was 15.6%. Further, the 



The basic protein fraction of Reference 
example 1 

The basic protein composition heated at 
75''C for 10 min. in Example 1 
The basic protein composition heated at 
80'*C for 10 min. in Example 1 
The basic protein composition heated at 
90°C for 10 min. in Example 1 
The basic protein composition heated at 
95**C for 10 min. in Example 1 
The basic protein composition treated 
with ethand (The final concentration of 
ethanol was 30%) in Example 2 
The basic protein composition treated 
with ethanol (The final concentration of 
ethanol was 10%) in Example 2 
The basic protein composition treated 
with ethanol(The final concentration of 
ethanol was 50%) in Example 2 
The basic protein composition treated 
with sodium chloride (The f inal concentra- 
tion of sodium chloride was 0.2 M) in 
Example 3 

The basic protein composition treated 
with sodium chloride (The final concentra- 
tion of sodium chloride was 1.0 M) in 
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Example 3 

Sample K: The basic protein composition treated 
with sodium chloride (The final concentra- 
tion of sodium chloride was 2.0 M) in 
Exanple 3 s 

SanrpleL: The basic protein composition treated 
* with an ultra-filtration membrane in Exam- 
ple 4 

Sample M: The basic peptide composition in Exam- 
ple 5 10 

Sample N: The basic peptide composition in Exam- 
ple 6 

In each well of 96-well plate, 2 x 1 0^cells/mi of oste- 
oblastic cell line MC3T3-E1 in a-modified minimum is 
essential medium (a-MEM) containing 10% bovine fetal 
serum (Flow Laboratories) was inoculated and cultured 
in the presence of 5% CO2 at 37'C for 24 hours, which 
was used as cultured cell for test. The medium was 
changed into a-MEM and cultured at 37'C for 1 6 hours 20 
after adding the above sample thereto so that the final 
concentration thereof was 10 jig/ml. The cells were 
labeled with [^H]-thymidine. treated by 0.01% Pronase 
and collected on a glass filter with a cell harvester, to 
which cocktail for liquid scintillation was added. The 25 
incorporated amount of [^H]-thymidine was counted by 
a liquid scintillation counter and the result was repre- 
sented in Figure 1. 

Comparing the case cultured only with the medium 
(control), in any case, stimulative activity on osteoblastic 30 
proliferation was enhanced, which exhibited that the 
basic protein fractions and the basic peptide fractions 
from A to N had an action of stimulating osteoblastic 
proliferation. In addition, the basic protein compositions 
of the present invention (sample B-N) was found to have 35 
a significant action of stimulating osteoblastic prolifera- 
tion in comparison with that of the basic protein fraction 
(sample A) of Reference example. 

With respect to another osteoblastic cell line UMR, 
similar results to the above were obtained. 40 

Test example 2 

According to the method of Woessner [Woessner. 
J.F., Arch. Biochem. Biophys.. vol.93, pp440-447, 4S 
1961], action of the same samples A-N as those in Test 
example 1 on stimulating collagen synthesis was inves- 
tigated. 

in each well of 96-well plate. 2 x 1 0^cells/ml of oste- 
oblastic cell line MC3T3-E1 in a-MEM containing 10% so 
bovine fetal serum (Flow Laboratories) was inoculated 
and cultured in the presence of 5% CO2 at 37*0 for 24 
hours, which was used as cell for test culture. The 
medium was changed into a-MEM and cultured at 37''C 
for 3 days after adding the above sample thereto so that ss 
the final concentration thereof was 50 ng/ml and the 
amount of synthesized collagen was determined. 

The amount of collagen was analyzed by determin- 
ing the amount of hydroxyproline using p-dimethyl-ami- 
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nobenzaldehyde after hydrolyzing punctured cells with 
6N hydrochloric acid and the results were represented 
in Figure 2. 

Comparing the case cultured only with the medium 
(control), in any case, the amount of hydroxyproline 
increased, which exhibited that the basic protein frac- 
tions and the basic peptide fractions from A to N had an 
action of stimulating collagen synthesis in osteoblast. In 
addition, the basic protein compositions of tiie present 
invention (sample B-N) was found to have a significant 
action of stimulating collagen synthesis in osteoblast in 
comparison with that of the basic protein composition 
(sample A) of Reference example. 

Test example 3 

According to the method of Takada [Takada.Y. et 
al.. Bone and Mineral, vol.17, pp.347-359, 1992], action 
of the same samples A-N as those in Test example 1 on 
inhibiting bone resorption was Investigated. Long bones 
were obtained from 10-20 days old ICR mice and tiie 
whole bone marrow cells obtained osteoclast were 
obtained by removing soft tissue from tiie bones and 
mincing the bones in a-MEM containing 5% bovine fetal 
serum mechanically. About 2 x 10® of these cells in a- 
MEM containing 5% bovine fetal serum were placed on 
a piece of dentine. Several hours after, a-MEM contain- 
ing 5% bovine fetal serum and a test sample was added 
to the above, which was cultured for 5 days and bone 
resorptive activity of osteoclast was investigated. Analy- 
sis of bone resorption was carried out by removing cells 
from a piece of dentinum after cultivation thereof, stain- 
ing them with hematoxylin dye and measuring the area 
of bone resorptive cavity by morphometrical analysis 
with PIAS-LA-555 and the results were represented in 
Figure 3. 

Comparing the case cultured only with tiie 
medium(control), a significant bone resorptive action of 
the basic protein fractions (samples B-N) was observed. 

Test example 4 

Action of the following samples on strengtiiening 
bone: 

Sample C: The basic protein composition heated at 
SO^'C for 10 min. in Example 1 

SanrpleF: The basic protein composition treated 
with ethanol (The final concentration of 
ethanol was 30%) in Example 2 

Sample J: The basic protein composition treated 
with sodium chloride (The final concentra- 
tion of sodium chloride was 1.0 M) in 
Example 3 

Sample L: The basic protein composition treated 
with an ultrafiltration merr^rane in Exam- 
ple 4 

Sample M: The basic peptide composition in Exam- 
ple 5 
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Sample G + milk calcium 
Sample F + milk calcium 

To the assorted feed represented in Table 1 as a 
basic feed. 0.3% of each sample was added in place of s 
casein. As milk calcium, one described in Japanese 
published unexamined patent application No. 306622 
(1992) was used in place of calcium contained in a min- 
eral mixture. 



Table 1 



Sucrose 


49.3 (g/IOOg) 


Casein 


20.0 


Corn starch 


15.0 


Cellulose 


5.0 


Corn oil 


5.0 


Vitamin mixture(induding choline] 


1.2 


Mineral mixture 


4.5 



Osteoporotic model rats were made by ovarectomy 
of 6 weeks old female SD rats and feeding with low cal- 
cium diet for two months. Sham rats were also made by 
sham operation wherein ovary was not removed. Each 
sample feed was administered In a group consisting of 
7 rats for 1 month. Femurs of rats in each test group 
were taken after the administration of the test feed and 
the breaking force of the bones were determined with a 
three-point bending rheolometer (RX-1600. A-techno), 
whose results were represented in Figure 4. The break- 
ing force of femur of rats in groups administered with the 
basic protein composition sample C. F, J, L and M was 
found to be significantly higher than that in the control 
group according to statistical analysis. From these 
results, sample C, F. J, L and M of the basic protein 
composition were found to have an action of strengthen- 
ing bone. In addition, by combination with milk calcium 
having good absorptivity, their actions of strengthening 
bone were found to be augmented. 

Example 7 

A drink having actions of stimulating osteoblastic 
proliferation, strengthening bone and inhibiting bone 
resorption was prepared by mixing the components rep- so 
resented in Table 2 comprising the basic protein compo- 
sition heated at SO^'C for 10 min in Example 1. (sample 
C), packing them in a container and sterilizing them by 
heating. 



Table 2 



Mixed isomerized saccharide 


15.0 (weight %) 


Fruit juice 


10.0 


Citric acid 


0.5 


Basic protein composition 


0.5 


Flavor 


0.1 


Calcium 


0.1 


Water 


73.8 



Example 8 

A tablet which has action of stimulating osteoblastic 
proliferation, strengthening bone and inhibiting bone 
resorption and comprises the ethanol treated basic pro- 
tein composition (The final concentration of ethanol was 
30%) in Example 2 (sample F) was prepared by mixing 
the components represented in Table 3 and formulating 
it under pressure. 



Table 3 


Crystalline glucose hydrate 


73.5 (weight %) 


Basic protein composition 


20.0 


Calcium 


5.0 


Sugar ester 


1.0 


Flavor 


0.5 



Examples 

A jelly having action of stimulating osteoblastic pro- 
liferation, strengtiiening bone and inhibiting bone 
resorption was prepared by mixing the components rep- 
resented with Table 4 containing ultrafiltrated basic pro- 
tein composition obtained in Example 4 (sample L), 
packing it and sterilizing it by heating. 
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Table 4 



Fractose 


20,0 (weignt %; 




15.0 


Millet jelly 


5.0 


Agar 


1.0 


Basic protein composition 


0.5 


Flavor 


0.1 


Calcium 


0.1 


Water 


58.3 



Exarnple 10 

20 

A processed cheese which has action of stimulating 
osteoblastic proliferation, strengthening bone and inhib- 
iting bone resorption and comprises the sodium chlo- 
ride treated basic protein composition (The final 
concentration of sodium chloride was 1 .0 M) in Example 25 
3 (sample J) was prepared by mixing the contents rep- 
resented in Table 5 and sterilizing it at SS^'C. 



Tables 



Gouda cheese 


43.0 (weight %) 


Cheddar cheese 


43,0 


Sodium citrate 


2.0 


Basic protein composition 


0.5 


Milk derived calcium 


1.0 


Water 


10.5 



Example 11 

A cracker which has action of stimulating osteoWas- 45 
tic proliferation, strengthening bone and inhibiting bone 
resorption and containing sodium chloride treated basic 
protein (The final concentration of sodium chloride was 
1.0 M) in Example 3 (sample J) by mixing the compo- 
nents represented in Table 3 was prepared by mixing so 
the contents represented In Table 6, making dough and 
baking it. 



Tables 



vvneal powuci 


50 0 ^weiaht %^ 


Sugar 




ouuium cnioilue 


0.5 


Margarine 


12.5 


Egg 


12.1 


Water 


2.5 


Sodium bicarbonate 


0.1 


Ammonium bicarbonate 


0.2 


Calcium carbonate 


0.5 


Basic protein composition 


1.2 



Example 12 

A feed for dog which has action of stimulating oste- 
oblastic proliferation, strengthening bone and inhibiting 
bone resorption and comprises the basic protein com- 
position heated at BO^C for lOmin. In Example 2 (sam- 
ple C) was prepared by mixing the components 
represented in Table 7. 



Table? 



Soy bean cake 


12.0 (weight %) 


Skim milk powder 


14.0 


Soy bean oil 


4.0 


Corn oil 


2.0 


Palm oil 


28.0 


Corn starch 


15.0 


Wheat powder 


8.0 


Wheat bran 


2.0 


Vitamin mixture 


9.0 


Mineral mixture 


2.0 


Cellulose 


3.0 


Basic protein composition 


1.0 



Claims 

1 . A milk-derived basic protein composition having the 
following properties: 

(1) the molecular weight distribution thereof 
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determined by SDS-polyacrylamide gel elec- 
trophoresis is 2,000-24.000 dalton; 

(2) the isoelectric point thereof Is 7.5-1 1 ; 

(3) it comprises more than 1 0 % of basic amino 
acids as composing amino acids; and s 

(4) it has actions of stimulating osteoblastic 
proliferation, strengthening bone and inhibiting 
bone resorption. 

2. The milk-derived basic protein according to claim 1 io 
which is obtained by the fbllovfving steps: 

loading milk or milk-derived raw material on a 
cation exchange resin; 

eluting the adsorbed fraction thereon with an is 
eluent of 0.1-1 .0 M salt concentration; 
heating the fraction at higher than TS^'C; and 
removing the precipitate and recovering the 
supernatant. 

20 

3. The milk-derived basic protein according to claim 1 
which Is obtained by the following steps: 

loading milk or milk-derived raw material on a 
cation exchange resin; 2S 
eluting the adsorbed fraction thereon with an 
eluent of 0.1-1.0 M salt concentration; 
adding ethanol so that the final concentration 
thereof will be 10-50% ; and 
removing the precipitate and recovering the 30 
supernatant. 

4. The milk-derived basic protein according to claim 1 
which is obtained by the following steps: 

35 

loading milk or milk-derived raw material on a 
cation exchange resin; 

eluting the adsorbed fraction thereon with an 

eluent of O.M.O M salt concentration; 

adding salts so that the final concentration 4o 

thereof will be more than 0.2 M; and 

removing the precipitate and recovering the 

supernatant. 



one of claims 1-5. 

7. The basic peptide composition according to claim 6 
which comprises basic peptides of the molecular 
weight less than 10000 dalton determined by SDS- 
polyacrylamide gel electrophoresis. 

8. A drink, food, medicine or feed combined with mllk- 
derived basic protein composition and/or milk- 
derived basic peptide composition according to any 
one of claims 1-6. 



5. The milk-derived basic protein according to claim 1 4S 
which is obtained by the following steps: 



loading milk or milk-derived raw material on a 
cation exchange resin; 

eluting the adsorbed fraction thereon with an so 

eluent of 0.1-1.0 M salt concentration: 

ultra filtrating it with a ultrafiltration membrane 

cutting off more than 30,000 

;and 

recovering the permeated solution. ss 

6. The milk-derived basic peptide composition which 
is obtained by protease digestion of the milk- 
derived basic protein composition according to any 
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Fig. 4 
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